The use of nitrogen-to-protein conversion factors (N-Prot factors) is the most practical way of determining protein content. The accuracy of protein determination by this method depends on the establishment of N-Prot factors specific to individual species. Experimental data are needed to allow the use of this methodology with seaweeds. The present study was designed to characterize the amino acid composition and to establish specific N-Prot factors for six green, four brown and nine red marine algae. Mean values for individual amino acids tended to be similar among the three groups, but some differences were found. Green algae tended to show lower percentages of both aspartic acid and glutamic acid than the other two groups of algae. The percentages of both lysine and arginine were higher in red algae, while brown algae tended to show more methionine than green and red algae. The actual protein content of the species, based on the sum of amino acid residues, varied from 10.8% (Chnoospora minima, brown algae) to 23.1% (Aglaothamnion uruguayense, red algae) of the dry weight. Nitrogen-toprotein conversion factors were established for the species studied, based on the ratio of amino acid residues to total nitrogen, with values ranging from 3.75 (Cryptonemia seminervis, red algae) to 5.72 (Padina gymnospora, brown algae). The relative importance of non-protein nitrogen is greater in red algae, and consequently lower N-Prot factors were calculated for these species (average value 4.59). Conversely, protein nitrogen content in both green and brown algae tends to be higher, and average N-Prot factors were 5.13 and 5.38, respectively. An overall average N-Prot factor for all species studied of 4.92 ± 0.59 (n = 57) was established. This study confirms that the use of the traditional factor 6.25 is unsuitable for seaweeds, and the use of the N-Prot factors proposed here is recommended.
INTRODUCTION
Protein data of marine algae present a wide range of applications, involving both basic and applied research. However, comparison of the protein content among algae is difficult because of methodological differences (Berges et al. 1993) . One of the main problems with protein analysis in algae is the protein extraction, done with different degrees of success by researchers (Fleurence et al. 1995) . Differences in cell wall composition of algae and in procedures for protein extraction establish strong and negative effects on the final results (Fleurence 1999) .
In addition, the most common methods used for protein determination in algae (the methods of Lowry et al. 1951 and Bradford 1976) show a large amount of interference (Peterson 1983; Stoscheck 1990 ). The interference is a consequence of the effects of some chemical substances on specific amino acids, since the chemical reactions that produce the quantification of protein result from the reactivity with side groups of the amino acids. This means that the amino acid composition of each species is a key factor in the results obtained with different methodologies because of their distinct reactivity (Compton and Jones 1985; Legler et al. 1985) . Both methodologies require extreme care in order to produce reliable results.
The use of nitrogen-to-protein conversion factors (N-Prot factors) to determine protein content has some important advantages over other methodologies. Total nitrogen analysis, carried out by Kjeldahl's method (AOAC 1990) or Hach techniques (Hach et al. 1987) , is fast and inexpensive. Total nitrogen from CHN analysis can also be converted to crude protein with a high degree of accuracy. In addition, there is no need for extracting the sample to be analyzed, a major problem in the protein analysis (Fleurence et al. 1995) . Previous results have shown that algal proteins associated with cell membranes are hardly extracted, confirming the difficulty of reproducing extraction figures and increasing differences in values found with different methods (E. Barbarino and S.O. Lourenço, 2001 unpubl. data) . Thus, the use of N-Prot factors also allows better comparisons of results among researchers, since protein is estimated without a tricky previous extraction.
The use of the traditional factor of 6.25 (Jones 1931) , broadly used for food labeling and other purposes, is based on the assumption that the samples contain protein with 16% nitrogen and an insignificant amount of non-proteinaceous nitrogen. However, plant materials normally show significant amounts of nonprotein nitrogen (Conklin-Brittain et al. 1999) . In addition, it is common to find plant materials showing total protein with less than 16% nitrogen in the amino acid components (Yeoh and Wee 1994) .
The same concerns may apply to nitrogen distribution in seaweeds. Thus, the calculation of protein content by N × 6.25 requires some caution, which is not always considered by the authors who use this methodology. The presence of non-protein nitrogenous substances in high concentrations, such as pigments (chlorophyll and phycoerythrin) and inorganic nitrogen (nitrate, nitrite and ammonia), gives an overestimation of the actual protein content by use of the factor 6.25 (Lourenço et al. 1998) . Specific N-Prot factors were recently proposed for 12 marine microalgae (Lourenço et al. 2002) , and an overall average N-Prot factor of 4.78 was proposed for the species. Studies in this field are needed for seaweeds.
The establishment of specific N-Prot factors is a major subject in different fields of science. Fujihara et al. (1995) proposed the factor 3.99 for Japanese mushrooms. In the only previous study focusing on the calculation of N-Prot factors for seaweeds, Aitken et al. (1991) established the factor 5.00 for two species of the edible red alga Porphyra from New Zealand. Sosulski and Imafidon (1990) proposed the factor 5.72 to calculate the protein concentrations of maize, and Yeoh and Truong (1996) determined the factor 4.48 for cassava roots. The N-Prot factors proposed for plant materials are normally lower than 6.25, revealing the presence of high concentrations of non-protein nitrogen (Levey et al. 2000) or an disproportionate high level of basic amino acids.
In this study, we analyzed the amino acid composition and the nitrogen content of 19 species of marine macroalgae abundant in Brazil. We compared the results obtained among species and proposed conversion factors from nitrogen to total protein concentrations for each species, as well as average conversion factors for taxonomic groups. This is the first study to establish N-Prot factors for tropical seaweeds, and to show the amino acid composition of some species.
MATERIALS AND METHODS

Algae
Nineteen species of seaweeds were studied and their identification was done according to the checklist of Wynne (1998 
Sampling
Seaweeds were sampled in June and September 1998 (end of the austral autumn), in two different sampling sites: Rasa Beach (located in Armação de Búzios, 22°44′S and 41°57′W) and Peró Beach (located in Cabo Frio, 22°51′S and 41°58′W). Both sampling sites show oligotrophic characteristics and minor anthropic influences, and are located in the north of Rio de Janeiro State, southeastern Brazil. Whole thalli of adult plants were collected in the early morning and washed in the field with seawater in order to remove epiphytes, sediment and organic matter. Plants were packed in plastic bags, and kept on ice until returned to the laboratory. In the laboratory, samples were gently brushed under running seawater, rinsed with distilled water, dried with paper tissue and frozen at -20°C. Subsequently, the samples were freeze-dried in a Terroni Fauvel (model LH-1500) device. The dried material was powdered manually with the use of a mortar and pestle and kept in desiccators containing silica gel, at room temperature, until the chemical analysis.
Total nitrogen
Total nitrogen was quantified by CHN analysis. Freezedried samples were combusted in a CHN elemental analyzer (Perkin-Elmer model 2400). Helium was used as a carrier gas. Acetanilide (C = 71.09%; N = 10.36%; H = 6.71%) was used to calibrate the instrument.
Amino acid analysis
Amino acid analysis was carried out by ion-exchange chromatography under the experimental conditions recommended for protein hydrolysates. Samples containing 5.0 mg of protein were acid hydrolyzed with 1.0 mL of 6 N HCl in vacuum-sealed hydrolysis vials at 110°C for 22 h. Norleucine was added to the HCl as an internal standard. Tryptophan, cystine and cysteine are completely lost by acid hydrolysis, and methionine can be destroyed to varying degrees by this procedure. Hydrolysates were suitable for analysis of all other amino acids. The tubes were cooled after hydrolysis, opened, and placed in a desiccator containing NaOH pellets under vacuum until dry (5-6 days). The residue was then dissolved in a suitable volume of a sample dilution Na-S buffer, pH 2.2 (Beckman Instr.), filtered through a Millipore membrane (0.22 µm pore size) and analyzed for amino acids by ion-exchange chromatography in a Beckman (model 7300) instrument, equipped with an automatic integrator. Nitrogen in amino acids was determined by multiplying the concentration of individual amino acids by corresponding factors calculated from the percentage N of each amino acid (Sosulski and Imafidon 1990) . The ammonia content was included in the calculation of protein nitrogen retrieval, as it comes from the degradation of some amino acids during acid hydrolysis (Mossé 1990; Yeoh and Truong 1996) . The ammonia nitrogen content was calculated by the multiplication of ammonia by 0.824 (NH 3 = 82.4% of N).
Calculation of nitrogen-to-protein conversion factors
Nitrogen-to-protein conversion factors were determined for each species by the ratio of amino acid residues to total nitrogen of the sample. Thus, for a 100 g (dry weight) sample having 16.21 g of amino acid residues and 3.48 g of total nitrogen, a N-Prot factor of 4.66 is calculated.
Statistical analysis
The mean N-Prot factors calculated for green, brown and red algae were analyzed by one-way analysis of variance (Zar 1996) followed by a Tukey's multiple comparison test.
RESULTS
Data of total amino acids are presented in Tables 1-3 . Glutamic acid was the most abundant amino acid in all species except for the brown alga D. menstrualis and the green alga U. fasciata, which had the highest percentage of aspartic acid. The percentage of methionine was found to be low in all species. Mean values for individual amino acids tended to be similar among the three groups, but some differences were found in the amino acid profile. Green algae tended to show lower percentages of both aspartic acid and glutamic acid, while red algae showed higher percentages of lysine and arginine. Brown algae tended to show higher percentages of methionine than the other two groups. When focusing on individual species, wider differences were found. For example, the highest concentration of glutamic acid (17.6% of total amino acids) was found in the brown alga S. vulgare, while the green alga C. fastigiata had the lowest (10.7% of total amino acids) concentrations. Percentages of arginine varied from 3.8% (C. taylorii, green alga) to 7.1% (C. seminervis, red alga) of the total amino acids, while the range of variation of alanine found in red algae was from 5.6% (P. capillacea) to 9.4% (P. acanthophora var. acanthophora) of the total amino acids. The amino acid profile of species belonging to the genus Codium presented reduced similarity, and the same was found for the two species of the genus Caulerpa evaluated here. Codium decorticatum, C. spongiosum and C. taylorii also exhibited large differences in the percentages of some amino acids, especially threonine, glycine, methionine, and arginine. Caulerpa fastigiata and C. racemosa presented great differences in the percentages of threonine, glutamic acid, proline, tyrosine and phenylalanine (Table 1) . The actual protein concentration of the samples was calculated by summing up the amino acid masses retrieved after acid hydrolysis (total amino acids), minus the water mass (18 g H 2 O/mol of amino acid) incorporated into each amino acid after the disruption of the peptide bonds (Mossé 1990; Lourenço et al. 1998 ). The actual protein content of the samples is presented in Table 4 as total amino acid residues, adjusted to ca 100 mg of sample. The seaweeds showed a wide range of protein concentration, varying from 10.8% (C. minima, brown alga) to 23.1% of the dry matter (A. uruguayense, red alga). Nitrogen mass within amino acids ranged from 1.6% (S. vulgare) to 4.0% (A. uruguayense) of the dry matter.
The relative percentage of protein nitrogen was estimated as the ratio of nitrogen recovered from amino acid residues to total nitrogen (Table 4) . Protein nitrogen varied from 67.6% (C. seminervis, red alga) to 98.3% (P. gymnospora, brown alga). The averaged values for protein nitrogen in green, brown and red algae were 86.6, 87.6 and 80.1%, respectively, and an overall value for protein nitrogen of 83.7% was calculated. By subtracting the values of protein nitrogen from 100%, it was found that red algae tended to show higher percentages of non-protein nitrogen.
From the ratio of the mass of amino acid residues to total nitrogen, both expressed as mg/100 mg of samples (Table 4) , we calculated the N-Prot factors for the seaweeds. The N-Prot factors ranged between 3.75 ± 0.42 (C. seminervis) to 5.72 ± 0.73 (P. gymnospora). Mean N-Prot factors calculated for red algae were significantly lower (average value = 4.59 ± 0.54, n = 27) than the values obtained for the other groups (5.13 ± 0.39, n = 18, for green algae; 5.38 ± 0.50, n = 12, for brown algae) (P < 0.001). No difference was obtained between the mean N-Prot established for green and brown algae (P = 0.14). An overall average N-Prot factor = 4.92 ± 0.59 (n = 57) was calculated from the data for all species. 14.8 ± 0.6 12.7 ± 0.7 13.4 ± 0.8 17.6 ± 0.6 14.6 ± 2.2 Proline 4.5 ± 0.3 4.8 ± 0.2 4.6 ± 0.5 4.6 ± 0.4 4.6 ± 0.1 Glycine 6.2 ± 0.3 6.1 ± 0.2 6.3 ± 0.4 5.7 ± 0.5 6.1 ± 0.3 Alanine 8.1 ± 0.4 6.9 ± 0.6 7.2 ± 0.5 7.2 ± 0.6 7.4 ± 0.5 Valine 5.9 ± 0.1 5.7 ± 0.7 5.7 ± 0.5 5.8 ± 0.5 5.8 ± 0.1 Methionine 2.2 ± 0.1 1.3 ± 0.1 1.0 ± 0.3 2.2 ± 0.2 1.7 ± 0.6 Isoleucine 4.2 ± 0.2 4.7 ± 0.6 4.7 ± 0.3 4.8 ± 0.5 4.6 ± 0.3 Leucine 8.1 ± 0.2 8.7 ± 0.3 8.8 ± 0.7 8.5 ± 0.9 8.5 ± 0.3 Tyrosine 2.1 ± 0.2 2.6 ± 0.2 2.5 ± 0. Results are expressed as percentage of amino acid/100 mg of algal protein and represent the real recovery of amino acids after analysis. Concentrations of ammonia correspond to nitrogen recovered from some amino acids destroyed during acid hydrolysis. Values indicate the mean of three replicates ± SD (n = 3).
DISCUSSION
Comparison of the present results for amino acid composition and protein content with data available in the literature is difficult because of the lack of previous studies with macroalgae from Brazilian coastal environments. Protein content data in macroalgae from tropical and subtropical coastal environments frequently show low protein concentrations (Kaehler and Kennish 1996; Wong and Cheung 2000) . Our data indicate predominantly low protein concentrations in the algae studied. This trend can be related to the natural characteristics of Brazilian marine environments, which are predominantly oligotrophic, with low availability of nitrogen to algal populations (Oliveira et al. 1997; Ovalle et al. 1999) . This may explain the low concentrations of protein found in our samples.
For many macroalgae, the concentrations of glutamic acid and aspartic acid together represent 40% of the total amino acid content, agreeing with data obtained for the edible red algae Palmaria palmata, in which glutamic acid and aspartic acid represent 39.6% of total amino acids (Galland-Irmouli et al. 1999) . For Ulva rigida and Ulva rotundata, percentages of these two amino acids can represent from 26% to 32% of the total amino acids (Fleurence et al. 1995) . In the present study, values for aspartic acid and glutamic acid together varied from 20.8% (C. fastigiata) to 31.1% (A. spicifera). The set composed of the essential amino acids in samples varied from 41.4% (U. fasciata) to 49.7% (P. brasiliense), with a mean value of 44.8% of the total amino acid content. In terms of nutritional properties, these species show higher concentrations of essential amino acids than those commonly present in soybean protein, corresponding to 36.0% of total amino acids (GallandIrmouli et al. 1999) .
A usual way of determining N-Prot conversion factors is based on the quantification of the nitrogen obtained from amino acids after hydrolysis (Huet et al. 1988; Salo-Väänänen and Koivistoinen 1996) . The total amount of amino acid residues permits the quantification of total proteins in a sample, and knowing the percentage nitrogen of each amino acid, one can calculate the amount of nitrogen in the protein fraction (Sosulski and Imafidon 1990) . According to this approach, the determination of the N-Prot conversion factor relies on quantification of the protein content by the sum of amino acid residues and determination of the amount of nitrogen in the total protein, considering the individual contribution of each amino acid. The determination of specific N-Prot factors is dependent on the nitrogen recovered from amino acids after acid hydrolysis. Therefore, organisms that have proteins rich in highly nitrogenous amino acids (e.g. arginine) tend to have lower N-Prot conversion factors. In contrast, if the total protein contains Results are expressed as percentage of amino acid/100 mg of algal protein and represent the real recovery of amino acids after analysis. Concentrations of ammonia correspond to nitrogen recovered from some amino acids destroyed during acid hydrolysis. Values indicate the mean of three replicates Data are expressed as mg/100 mg of dry tissue. Results represent the mean of three replicates
large amounts of amino acids with a low proportion of nitrogen (e.g. tyrosine), the corresponding factor is likely to be higher. Thus, variation of the concentrations of nitrogen-rich amino acids may markedly influence the establishment of N-Prot factors (Sosulski and Imafidon 1990 Lowry et al. (1951) and Bradford (1976) . The determination of nitrogen budgets represent the best way of validating N-Prot factors, since the main nitrogenous substances within cells are quantified by different and independent methods, establishing relationships among values (Lourenço et al. 1998) . Recent reports have adopted this approach, establishing new conversion factors even for those organisms that had already been studied. Fujihara et al. (1995) determined a factor of 3.99 to convert the nitrogen content into total protein for some Japanese mushrooms. According to this study, the nitrogen contribution of non-protein nitrogen (mainly chitin and nucleic acids) corresponds to an average of 33% of the total nitrogen. Danell and Eaker (1992) proposed the N-Prot factor of 4.38 and quantified the non-protein nitrogen content of the mushroom Cantharellus cibarius as 23% of the total nitrogen. Lourenço et al. (2002) determined the concentrations of non-protein nitrogen in 12 microalgae as varying from 0.8% to 39.0% of the total nitrogen, and an overall mean N-Prot factor for all microalgae tested of 4.78 (n = 354).
The use of the ratio of amino acids residues to total nitrogen to calculate N-Prot factors involves one concern: the influence of the free amino acid on the calculations. Total amino acid analysis does not distinguish free and protein amino acids. According to Dortch et al. (1984) free amino acids in microalgae typically represent less than 10% of the total amino acid content. The presence of free amino acids contributes to an overestimation of the total protein. However, the use of data of total amino acid for calculating protein without determination of free amino acids is a widely accepted procedure (Mossé 1990; Yeoh and Truong 1996) , since in acid hydrolysis some amino acids are partially or totally destroyed (e.g. tryptophan, cystine, methionine and serine). Danell and Eaker (1992) found that 15% of the ninhydrin-detectable nitrogen came from amino acids destroyed in an acid hydrolysis, but up to half of it is transformed to ammonia. This means that up to 8% of the amino acid nitrogen may be lost in an acid hydrolysis. If a given sample contains 10% free amino acid, the typical loss during the acid hydrolysis might compensate for the influence of free amino acids in the quantification of protein by the sum of the total amino acid residues. Thus the influence of free amino acids on the calculations of N-Prot factors is minor, considering the losses associated with the analytical procedures. Despite the unknown concentrations of free amino acids in our samples, our nitrogen budgets (Table 4) show that the lack of such data seems to have a negligible influence in our calculations.
The percentage of nitrogen and protein in samples showed relatively low values in some species, mainly in brown algae (except D. menstrualis) ( Table 4) . Red algae tended to show percentages of tissue nitrogen greater than 2.0%, except the agarophyte G. domingensis. However, the estimates of protein nitrogen for red algae indicated that they presumably showed larger amounts of non-protein nitrogen. As a consequence, the N-Prot factors tended to be lower in red algae. Both green and brown algae showed relatively higher protein nitrogen to total nitrogen ratios (Table 4) , and the NProt factors calculated for these species tended to be higher than 5.00 for most of them.
This study covers a relatively narrow range of algal species and the assessment of the protein nitrogen to total nitrogen ratio indicated a large range of variation among species (from 67.6% to 98.3%; Table 4 ). As the samples were obtained during the same period of the year, it is not possible to evaluate the variability in terms of seasonal changes. Aitken et al. (1991) found significant seasonal variations in amino acid composition, percentages of protein and N-Prot factors for Porphyra columbina and Porphyra subtumens from New Zealand. The average N-Prot factor calculated by those authors over a seasonal cycle was 5.00, 10% higher than the N-Prot factor proposed by us for P. acanthophora var. acanthophora (4.47).
CONCLUSION
The present study establishes lower N-Prot factors than the traditional factor 6.25 for all species. In the absence of specific studies for other seaweeds, the overall mean N-Prot factor of 4.92 should be used instead of 6.25 for calculating the total protein from nitrogen content. Further studies are needed to establish an N-Prot factor more representative of high-level algal taxa, including the analysis of samples of a greater number of species. In addition, studies focusing on possible seasonal variations in N-Prot factors for some species should be performed.
